Objectives-The purpose of this study was to assess the clinical value of ultrasound (US) features of breast lesions for predicting the risk of axillary lymph node metastasis in patients with breast cancer.
T he identification of axillary lymph node metastasis is crucial for predicting the prognosis of patients with breast cancer and for developing appropriate treatment programs. [1] [2] [3] Up to now, axillary lymph node dissection had been an important procedure for identifying the number and metastatic status of lymph nodes to further manage breast cancer treatment. However, the quality of life of postoperative patients can be adversely affected by the complications of axillary lymph node dissection. 4, 5 It is very important to find an effective and noninvasive method for predicting axillary lymph node metastasis to lessen operational injuries, considering the negative results of axillary lymph node dissection confirmed by pathologic examination in some patients undergoing adenomammectomy.
In light of its roles in therapeutic regimen improvement, sentinel lymph node biopsy was recommended at the 13th St Gallen International Breast Cancer Conference. 6 Sentinel lymph node biopsy, which has been used to predict axillary lymph node metastasis of breast cancer, can lead to less damage to patients with breast cancer than axillary lymph node dissection. 7, 8 However, sentinel lymph node biopsy can still cause some unavoidable complications, such as shoulder and back pain, arm numbness, weakened shoulders, and reduced arm strength. 9 In addition, even among patients with axillary lymph node metastasis, approximately 40% of them do not have sentinel lymph node metastasis. 10 If the prediction processes for axillary lymph node metastasis can be performed by an examination method with less physical damage than axillary lymph node dissection, it should be more beneficial to patients with breast cancer. Recent research [11] [12] [13] has shown that axillary lymph node metastasis can be predicted by the tumor size, tumor quadrant, local invasion status, pathologic type, and molecular subtypes. Laboratory examinations for elevated serum levels of carcinoembryonic antigen and cancer antigen 15-3 can also serve as independent predictors of axillary lymph node metastasis in patients with breast cancer.
14 Ultrasound (US) imaging is an important examination method that vividly reflects the characteristics of breast cancer masses, such as tumor size, tumor shape, growth orientation, margin, posterior features, calcifications, and echogenicity, according to the US lexicon of fifth edition of the American College of Radiology Breast Imaging Reporting and Data System (BI-RADS). 15 Numerous studies have demonstrated that the use of US features can distinguish malignant breast lesions from benign ones. 16, 17 Some researchers revealed significant correlations of US features with molecular markers such as estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) 18, 19 and even molecular luminal A, luminal B, and basal-like subtypes. 18 However, whether the imaging features of breast lesions are related to axillary lymph node metastasis has still not been fully elucidated in patients with breast cancer. In our study, we retrospectively analyzed the US features and clinicopathologic results to explore the value of US features of breast cancer for predicting axillary lymph node metastasis in clinical practice.
Materials and Methods

Ethics
The Ethics Committee of the Second Affiliated Hospital of Harbin Medical University approved the design process and waived the requirement for written informed consent, since this study was characterized by a noninvasive anonymous retrospective analysis. Verbal informed consent was obtained by phone for using data from all of the patients who were recruited in this study.
Patients
Data from 425 female patients with breast cancer who were admitted to the Second Affiliated Hospital of Harbin Medical University from June 2009 to December 2013 were retrospectively analyzed in this study. Each patient with unilateral breast cancer had undergone a US examination before mastectomy or breastconserving surgery and axillary lymph node dissection. The surgical specimens were examined for ER, PR, HER2, Ki-67, P53, cytokeratin 5/6 (CK5/6), and the histologic grade. Laboratory examinations were performed for E-cadherin. Based on the status of the axillary lymph nodes from the clinical pathologic examination after surgery or axillary lymph node biopsy before surgery, all patients were divided into 2 groups: axillary lymph node metastasis positive and negative. The median number of removed lymph nodes was 15.53 (range, 6-49). Patients who received any treatments before surgery or had distant metastases were excluded.
Ultrasound Examinations and Analysis
Preoperative US examinations were performed on all patients in the supine position with arms elevated. An Acuson S2000 system (Siemens Medical Solutions, Mountain View, CA) equipped with a linear array transducer of 5 to 12 MHz was used. Two sonographers with greater than 5 years of experience in breast US were completed all examinations. Static images in the longitudinal and transverse axes and cine clips through the masses on B-mode and color Doppler flow imaging were saved in a database for the subsequent evaluation. A double-blind analysis was performed by 2 sonographers with greater than 3 years of experience in breast US to interpret the features in the sonograms. If they were in disagreement, consultations were done to draw a consensus conclusion as the final result. Eight US features of each breast lesion were evaluated, including tumor size (<20 or 20 mm), tumor shape (oval, round, or irregular), growth orientation (parallel or nonparallel), margin (circumscribed, indistinct, microlobulated, angular, or spiculated), posterior features (no features, enhancement, or shadowing), calcifications (positive or negative), echogenicity (hypoechoic, isoechoic, or heterogeneous), and color Doppler flow (no flow, minimal, moderate, or marked), based on the US lexicon of the BI-RADS fifth edition 15 and the color Doppler flow grading methods of Adler et al. 20 
Methods for Measurement of Pathologic Factors
The tumor size, pathologic type, histologic grade, and presence or absence of axillary lymph node metastasis were confirmed. The ER, PR, HER2, Ki-67, P53, and CK5/6 statuses were evaluated by immunohistochemical analyses of the membrane and cytoplasm. The cutoff point for an ER-and PR-positive expression level was 1% based on the immunohistochemical results.
21 HER2 positivity was divided into the immunohistochemical grades of 3 1 and 21, and grade 2 1 was further determined by fluorescence in situ hybridization. 22 Ki-67 scores were evaluated by using the percentage of tumor cell nuclei with positive immunostaining above background, with greater than 14% of them as positive.
23
P53 values were expressed according to the percentage of positive cells in the P53 staining pattern, with 10% or higher as positive. Detection of CK5/6 cytoplasmic expression in either the tumor or surrounding tissues was defined as CK5/6 positive. 24 Serum soluble E-cadherin expression levels were measured, and samples with an optical density of greater than 450 nm were considered positive. Breast cancer molecular subtypes were categorized as luminal type A, luminal type B, HER2 amplified type, and triple-negative type according to the immunohistochemical results for ER, PR, HER2, and Ki-67.
Statistical Analyses
All data were analyzed with the SPSS version 18.0 statistical software package (IBM Corporation, Armonk, NY). The relationship of clinicopathologic factors, tumor markers, and US features with axillary lymph node metastasis was assessed by a v 2 test and Fisher exact test. Based on the results of v 2 tests that were statistically significant, multivariate logistic regression models were built by a stepwise regression method for determining the optimum US features that were related to axillary lymph node metastasis. Interobserver agreement was assessed by the Cohen j statistic. P < .05 was considered statistically significant.
Results
Pathologic Status and Axillary Lymph Nodes
A total of 425 patients were retrospectively enrolled in this study. Pathologic characteristics are shown in 
Univariate Analysis of Pathologic Factors and Axillary Lymph Node Metastasis
The results of the v 2 test for the correlation between pathologic factors and axillary lymph node metastasis are shown in Table 1 . The tumor histologic grade (P 5 .003), HER2 (P 5 .002), Ki-67 (P 5 .020), CK5/6 (P 5 .014), E-cadherin (P < .001), and molecular subtypes (P 5 .003) were significantly associated with axillary lymph node metastasis. However, the age, pathologic types, and ER, PR, P53, and CK5/6 levels were not found to be significantly associated with axillary lymph node metastasis (P > .05 for all).
Univariate Analysis of US Features and Axillary Lymph Node Metastasis
The correlation analysis between US characteristics and axillary lymph node metastasis as performed by the v 2 test is shown in Table 2 . There were significant differences between the lymph node-positive and -negative groups for tumor size (P 5 .018), tumor shape (P < .001), growth orientation (P 5 .010), margin (P 5 .001), and color Doppler flow (P < .001). However, posterior features, calcifications, and echogenicity did not show statistically significant differences between the groups (P > .05 for all). Table 3 shows the results of the multivariate logistic regression that was used to more rigorously select the risk factors related to axillary lymph node metastasis from the above statistically significant results of the v 
Multivariate Analysis of Risk Factors and Axillary Lymph Node Metastasis
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Observer Agreement
The interobserver agreement for evaluating US features as analyzed by the Cohen j statistic was j 5 0.794.
Discussion
In this study, we evaluated the value of using the US features of breast masses in clinical practice to predict axillary lymph node metastasis in patients with breast cancer. The results demonstrated that an irregular shape and high color Doppler flow imaging grades were significantly and independently associated with axillary lymph node metastasis. The axillary lymph node status is an important prognostic factor in patients with breast cancer. 25, 26 Up to now, there have been no appropriate methods to confirm the axillary lymph node status except for pathologic examination of axillary lymph nodes. Most studies have revealed some predictive factors for axillary lymph node metastasis, including age at diagnosis, tumor size, tumor quadrant, local invasion status, pathologic type, molecular subtypes, and tumor grade. 12, 27 In our study, we found that tumor histologic grades and E-cadherin level were independent factors for predicting axillary lymph node metastasis. Some studies showed that the axillary lymph node features of the longitudinal-transverse diameter ratio and cortex-hilum thickness ratio detected by axillary US were helpful for predicting axillary lymph node metastasis, but the low sensitivity has limited the method for wide use. 13, 28 However, to our knowledge, no previous studies assessed the value of the US features of breast cancer for predicting axillary lymph node metastasis in clinical practice. Our research indicated that an irregular shape and high color Doppler flow imaging grades can be useful predictive factors for axillary lymph node metastasis in patients with breast cancer.
The shape of a tumor has certain growth characteristics. Tumors with a round shape represent an expansive growth pattern, which was believed to be slow growing and to have a benign tendency, whereas those with an irregular shape represent an infiltrative growth pattern, which was believed to be fast growing and to have a malignant tendency. The characteristic of faster growth can make it easy for cancer cells to invade surrounding tissues, lymphatic vessels, and blood vessels. An irregular tumor shape is an important factor in the biological behaviors relating to metastatic spread. A previous pathologic study 29 showed that an irregular shape of masses was related to axillary lymph node metastasis in patients with breast cancer and was a meaningful prognostic factor. Our study also found consistent results for the US features of tumors.
Breast cancer is a kind of heterogeneous disease with diverse pathologic and immunohistochemical characteristics. In highly aggressive breast cancer, carcinoma cells can infiltrate the surrounding tissues at different growth speeds, forming an inconsistent tumor edge, which can lead to the feature of an irregular tumor shape. 30, 31 Those growth characteristics also show that carcinoma cells can actively proliferate into the surrounding tissues, especially lymph tissues, leading to axillary lymph node metastasis. Chen et al 32 reported that an irregular shape was associated with invasive breast cancer, with a poor prognosis. A previous study showed that axillary lymph node metastasis was significantly correlated with the surface area of the tumors. 33 Therefore, when the tumor size or volume is equal, patients who have breast cancer with an irregular shape are more susceptible to developing axillary lymph node metastasis.
The results of our study also demonstrated that the blood flow states of the tumors on US imaging were significantly related to axillary lymph node metastasis in patients with breast cancer. Tumors with high color Doppler flow imaging grades were much more likely to have the aggressive biological behavior involved in axillary lymph node metastasis. The quantities of blood vessels in breast cancer play an important role in the growth, infiltration, and metastasis of a tumor and thus increase the invasive ability of tumor cells. 34 Although the internal vascularization of a tumor cannot directly affect the lymphatic vessels in surrounding tissues, it can provide the necessary nutrition for carcinoma cells to maintain their growth and invasive capability. In addition, highly invasive tumor cells are prone to destroy the surrounding normal tissues and to develop axillary lymph node metastasis. Angiogenins that can promote angiogenesis are positively related to the growth and metastasis of tumors. 35 A tumor microvessel count is an excellent method for evaluating the prognosis in patients with breast cancer. 36 Vascular endothelial growth factor, which can promote the formation of tumor vessels, has been proven to have great importance in predicting the outcomes of patients with breast cancer. 37 Therefore, breast cancer with a high color Doppler flow imaging grade has high invasive capability, which is more likely to lead to axillary lymph node metastasis.
The US lexicon of the fifth edition of BI-RADS 15 has been generally used to conduct clinical diagnoses of breast diseases. During a US examination of a breast tumor, the imaging features can be analyzed by the semiqualitative of BI-RADS method. It has been proven that there was a significant association of US features with biological behaviors of breast cancer. 19 In our study, we concluded that the US features of an irregular shape and high color Doppler flow imaging grades were related to axillary lymph node metastasis in patients with breast cancer. The Figure 2 . Receiver operating characteristic curve for the predictive capacity of tumor shape, color Doppler flow imaging grades, histologic grade, and E-cadherin level on axillary lymph node metastasis. AUC indicates area under the curve. shape of a tumor can be perfectly displayed by a US in different sections and in static and dynamic modes. Color Doppler flow imaging, which is a unique function of US equipment, is also conveniently used to assess the blood flow status in breast cancer. Considering that the US features of a tumor can be used to predict axillary lymph node metastasis, it would certainly help patients avoid overtreatment by axillary lymph node dissection. Our study had limitations. First, it was a retrospective study. Second, the number of axillary lymph node metastasis cases was not further divided into different groups to distinguish the degree of metastasis. Third, the sample size in our study was small, and a further analysis with more patients should be performed.
In conclusion, the results of this study show that the US features of an irregular shape and higher color Doppler flow imaging grades in breast cancer were significantly correlated with axillary lymph node metastasis. Therefore, tumor US features should be considered for additional determination of axillary lymph node metastasis in patients with breast cancer.
